Abstract: To improve the dynamic stability of power systems, by increasing the damping torque of the synchronous machine, it is necessary to use the power system stabilizers to enhance the damping during low frequency oscillations. In this article, an attempt has been made to design the parameters of power system stabilizer by using the Firefly Algorithm applied to the single machine infinite bus system to an amenable form. The stability enhancement has been compared with Genetic Algorithm stabilizer for different operating conditions. The results show that the designed power system stabilizer based on Firefly Algorithm gives a good dynamic response when compared to Genetic Algorithm power system stabilizer. The Pseudo Spectrum analysis is also presented which is evident about the enhanced stability of the system with the proposed Algorithm.
Introduction
The stability of synchronous machine's operation has received a great deal of attention in the past and will also receive importance in the future. For economic system design with larger unit sizes and higher per unit reactance generating and transmission equipment designs, more emphasis and reliance is being placed on controls to provide the required compensating effects with which to offset the reductions in stability margins inherent from these trends in the design of the equipment [1, 2, 4] . In concurrent with these trends over the years considerable efforts have been placed on the enhancement of the dynamic stability of power systems. The modern voltage regulators and excitation systems with high speed response and high ceiling voltage can be used to improve the transient stability by increasing the synchronizing torque of the machine and their effects on the damping torque are rather small.
In the cases where the system operates with negative damping characteristics the voltage regulator usually improves the situation by increasing the negative damping and hence instability may result in the system [1] [2] [3] .
To reduce this undesirable effect and to improve the system dynamic performance it is useful to introduce additional stabilizing signals to increase the damping torque of the synchronous machine. Several approaches have reported in the literature to provide the required damping torque for improving the dynamic stability. One of the approaches is conventional power system stabilizer a lead/lag network using the speed or power as input to generate an additional stabilizing signal [4] [5] [6] is employed and its parameters were designed by using different techniques, another is to employ a linear optimal stabilizer using the theory of linear optimal regulators [7] [8] [9] [10] [11] [12] and so on.
The power system is highly complex and non linear with finite number of plants which resembles continuously changing operating conditions. The conventional PSS which is designed at a particular operating point cannot successfully damp out the low frequency oscillations under wide range of operating conditions. Literature [13, 14, 15, 25] shows that the power system stabilizers designed based on the evolutionary techniques like GA, BFOA, ACO, PSO etc. can guarantee the better performance in improving the dynamic stability of the system. Genetic algorithm, a parameter search technique, utilizes the genetic operators to find near optimal solutions [25] . The firefly algorithm is also used to find the parameters of the power system stabilizer. For different loading conditions the stability of the system is guaranteed if the power system stabilizers are designed by using the firefly algorithm. However, the genetic algorithm based design of power system stabilizers will only perform well for some operating points. The system considered for the study is a single machine connected to infinite bus and lag/lead type power system stabilizer.
The dynamic stability [23] of the system has been tested for multi operating conditions from normal to heavy loading by using the two approaches conditions and the results are compared.
System Model
The line diagram for the single machine connected to infinite bus system is shown in Figure. 1. The linearised model of this system including the voltage regulator and exciter is shown in Figure. 2 [4, 5, 6, 18] . The linearised incremental model of this system may be found in references [12, 19, 20, 21, 22] . The linearised equations for the given linearized incremental model of synchronous machine ( Figure. 2) with an exciter and stabilizer are as follows: The stabilization problem is to design a stabilizer which provides an additional stabilizing signal to increase the damping torque of the system. The design of parameters of power system stabilizer is based on the genetic algorithm and firefly algorithms. To formulate the problem using search algorithm, a set of parameters will be first selected. Considering a lead circuit, the transfer function of the power system stabilizer is given as:
Proposed Method
The tuning of the parameters of a power system stabilizer for different operating points means that power system stabiliser must stabilize the family of N number of plants:
where x(t)  R n is the state vector and u(t) is thecontrolling signal. The necessary condition for the set of plants in equation (7) to be simultaneously operated with the stabilizing signal is that Eigen values of the closed-loop system lie in the left side of the complex s-plane. 
where  k,i is the i th closed-loop eigen value of the k th plant. The resulting parameters of the stabilizer K s , T 1 and T 2 by using firefly algorithm will stabilize the collection of plants. The existence of a solution is verified numerically by minimizing J. The optimization problem is solved accurately by using genetic algorithms [25] and firefly algorithms.
Genetic Algorithm
Genetic algorithm is an optimization approach is based on the mechanics of natural selection and natural genetics. The search procedure is similar to the natural revolution of biological creature in which successive generations of organisms are given birth and raised until they are able to breed. Only the fittest organisms will survive to reproduce while the weakest organisms will be eliminated [25] . The basic process of Genetic Algorithm is summarized in Figure 3 .
Fire Fly Algorithm
The flashing light of fireflies in the summer sky in the tropical regions is the key process. There are about two thousand firefly species and most of the fireflies produce short flashes. The pattern of flashes is unique for a particular species. The flashing light is produced by a process of bioluminescence. Two fundamental functions of flashes are to attract mating partners and to attract potential prey [24] .
The flashing light can be formulated in such a way that it is associated with objective function to be optimized, which makes it possible to formulate new optimization algorithms. The brightness of a firefly is determined by landscape of the objective function. 6.Case study
The single machine infinite bus system is considered with following data represented in the 'K' constants as [12] : The corresponding state equations can be written in the form
where
is the state vector. For the Genetic Algorithm approach the population size is considered as 20, the length of each chromosome is 46 and the number of generations is 100.
For the Firefly Algorithm approach 3500 generations are run to get the fittest power system stabilizer parameters.
The designed parameter values of power system stabilizer are as follows: The stability of the considered system for various operating conditions from the light load conditions to the heavy load conditions is tested by observing the Eigen values of the system. The Eigen values of the system are analyzed by using the pseudo spectrum analysis and are presented for two operating conditions 0.5+j0 and 1-j0.5 in listed in table 1 and table 2 respectively. From Figure 4 to Figure. 6 the pseudo spectrum analysis of the Eigen values for the operating condition 0.5+j0 has been presented and from the Figure. 7 to Figure. 8 the pseudo spectrum analysis of the Eigen values for the operating condition 1-j0.5 has been presented.
It is observed that the Eigen values of the both the operating conditions assured more stability for the firefly based PSS design and the Eigen values of the ten operating conditions are also analyzed similarly and tabulated in table 3. From the results it is also observed that the performance of the proposed firefly based power system stabilizer gives the more stabilized Eigen values when compared with the genetic algorithm based power system stabilizer over wide range of operating conditions. Hence the dynamic stability of the synchronous machine is guaranteed for the more number of operating conditions by using the proposed power system stabilizer.
Conclusions
A novel technique for the design of parameters of power system stabilizer for single machine connected to infinite bus system has been proposed in this paper by using firefly algorithm approach. The results are compared with the genetic algorithm approach for the ten operating conditions include the light load and the heavy loading conditions. The results show that the designed parameters of power system stabilizer by using Firefly algorithm approach give a good dynamic stability when compared with the genetic algorithm approach.
Since it is independent design, subject to some conditions the proposed design approach can be extended to excitation systems with different dynamic characteristics. It is believed that from this analysis covering the conditions for the single machine case, the method can be extended for stabilizing machines in multimachine systems. 
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